Abstract. Variability of Geranium holosericeum is clarified and G. lindenianum and G. schultzei are differentiated from G. holosericeum. A new key, complete descriptions, distribution maps, and illustrations are provided for the three species. A neotype is proposed for G. schultzei.
The genus Geranium L. comprises about 350 species distributed throughout most of the world. The genus is most diverse in South America, with over 100 species. Most of the South American species belong in Geranium subg. Geranium, with only a few species in subg. Erodioidea (Picard) Yeo section Brasiliensia R. Knuth (Aedo, 2001a) ; there are also some non-native representatives of subg. Robertium (Picard) Rouy (Aedo et al., 1998) . The genus was monographed by Knuth (1912) , but no recent revisions for South America are available. Aedo (2000 Aedo ( , 2001b revised Geranium in North America, and Moore (1943) revised the Central American species, but there are no native species in these revisions that occur south of Panama.
In pursuit of our aim to prepare a comprehensive monograph of the genus, we have studied some groups of Geranium from South America (Aedo, 2001a; Aedo et al., 2002 Aedo et al., , 2003 Aedo et al., , 2005 . One of these taxonomic revisions was that of Geranium sect. Gracilia R. Knuth, which resulted in the recognition of nine endemic species from Colombia and Venezuela . In this paper we included within G. holosericeum, with some doubts, some robust specimens collected in northern Colombia and Venezuela. Now, with new collections available, we have revisited the circumscription of G. holosericeum, and concluded that two other close species should be recognized: G. lindenianum and G. schultzei. In this paper we provide a revised description of G. holosericeum, and a key to sect. Gracilia that includes G. lindenianum and G. schultzei.
Materials and methods
All data were based on herbarium specimens from BC, COL, F, GH, HUA, K, LE, LL, MA, MICH, MO, MPU, NY, P, PORT, U, US, and VEN. Furthermore, photographs have been examined from B and KW. Indumentum, pollen, and seeds were investigated using scanning electron microscopy (SEM) in order to locate potential micromorphological features of taxonomic value. Samples were glued to aluminum stubs, coated with 40-50 nm gold, and examined with a JEOL-TSM T330A scanning electron micro-scope at 15 kV. All SEM photographs are available on the Geranium web page at http:// www.rjb.csic.es/Geranium/index_geranium. php. Several interesting quantitative characters have broad ranges of variability, which caused some difficulties for their use. In order to avoid these problems, the ranges are included in brackets in the key and descriptions (even considering that in some rare cases they differed considerably from the mean values). The most frequent and useful values are represented as percentiles and are shown outside of the brackets. Some overlap was impossible to avoid at least in some cases.
Results and discussion
Species of Geranium sect. Gracilia are perennials with leaves ± hairy on the abaxial surface (but not tomentose), without an abscission zone between the lamina and petiole, with an inflorescence that has dichasial branching and 2-flowered cymules, and with basal callus on mericarps. Within this section, G. holosericeum, G. lindenianum and G. schultzei share glandular hairs on the peduncles, and are herbaceous, usually with robust aerial stems.
As in other species of sect. Gracilia, three trichome types have been found in Geranium holosericeum, G. lindenianum, and G. schultzei, all of them simple and uniseriate (terminology of Theobald et al., 1979) : 1) eglandular, unicellular hairs; 2) long glandular hairs, with 2-5 cells; and 3) short glandular hairs. These three types of hairs have also been found in other groups of Geranium ( Fig. 1 ; Aedo et al., 2003) .
Pollen is tricolpate and more or less isodiametric in the three species here studied. The exine is thin, semitectate, and reticulate with distinctly baculate, and gemmate supratectal elements. The pollen is similar to the Geranium lignosum group . Exine ornamentation is similar to that found in previously studied species of the genus ( Fig. 1 ; Bortenschlager, 1967; Verhoeven & Marais, 1990; Stafford & Blackmore, 1991) .
The seeds are more or less ellipsoid, finely reticulate, without spots, and with scattered stomata in the three species here studied. The seed coat is uniform in structure and thickness, 25-30 μm thick, similar to that found in other species of sect. Gracilia . The reticulate surface is due to the prominence of outer and middle layers of the outer integument (Fig. 1 ).
Perennial herbs, 19-60(-100) cm tall. Rootstock 2.1-6.4 mm diam., ± vertical. Stem 0.05-0.2(-0.24) cm diam., decumbent or climbing, with vegetative stems 5-10 cm long (± horizontal, covered with imbricate stipules, usually without petiole remains), leafy, herbaceous, with patent, eglandular hairs 0.2-2.2 mm long and patent, glandular (only on the inflorescence) hairs 0.3-1 mm long. Basal leaves in a persistent rosette; lamina 2.9-4.2(-5) x 3.2-5.2(-6) cm, polygonal in outline, cordate, palmatifid (ratio main-sinus length/ middle-segment length = (0.75-)0.82-0.89), pilose, with eglandular, appressed hairs, nervation not projected; segments 5, rhombic (ratio maximum width/ middle-segment length = 0.58-0.71), 3-9.5 mm wide at the base, 5-10(-15)-lobed in distal half (ratio second-sinus length/ middle-segment length = 0.12-0.32); cauline leaves opposite; petioles to 25 cm long, with eglandular, patent hairs 0.2-2.1 mm long, and rarely patent, glandular hairs 0.2-0.3 mm long; stipules 7-17.7×2.2-5.1 mm, lanceolate (with a setaceous apex 1-3.2 mm long), with eglandular hairs on abaxial surface and on the margin, glabrous adaxially. Inflorescence in a dichasial cyme; cymules 2-flowered, solitary; peduncles (18-)30-100(-130) mm long, with patent to retrorse, eglandular hairs 0.15-2.5 mm long and patent, glandular hairs 0.3-1.3 mm long; bracteoles 4-9× 0.8-1.5 mm, lanceolate to subulate, with eglandular hairs on both sides and on the margin; pedicels 9.5-36 mm long, with patent to retrorse, eglandular hairs 0.15-1.6 mm long and patent, glandular hairs 0.2-1.7 mm long. Sepals 6-7.9(-9) x 2.8-4.5 mm, not accrescent, 3-5-nerved, with mucro 0.4-0.8 mm long, with scarious margins 0.2-0.58 mm wide, with ± patent, eglandular hairs 0.3-1.5 mm long on the abaxial side and patent, glandular hairs 0.3-1.4 mm long, almost glabrous adaxially. Petals 10-13.3(-14.6) x 6.2-11.7 mm (ratio petal width/petal length = 0.49-0.88), erect-patent, entire or slightly notched (notch ca. 1 mm deep), glabrous on the adaxial side, hairy on the base of abaxial side, ciliate on the basal margin, purplish. Staminal filaments 4-6.3 mm long, lanceolate, pilose on the abaxial side, ciliate on all of its length, with eglandular hairs 0.3-1 mm long; anthers 1-1.7 × 0.7-1 mm. Nectaries 5, hemispheric, glabrous. Gynoecium 4.7-8.2 mm long. Fruit 2-2.54 cm long; mericarps 3.3-4.2×1.6-2.1 mm, with patent, eglandular hairs 0.15-1.4 mm long and ± patent, glandular hairs 0.3-1.3 mm long, brownish; rostrum 13-18.3 mm long, with a narrowed apex 1.2-2.2 mm long, with patent, eglandular hairs 0.15-1 mm long and ± patent, glandular hairs 0.3-1 mm long; stigmatic remains 2.8-3.6 mm long, with 5 glabrous lobes. Seeds 2.2-2.5 × 1.2-1.6 mm, finely reticulate, reddish.
Distribution and habitat.-Colombia: Boyacá, Caldas, Cundinamarca, Meta, Norte de Santander, Quindío, and Santander (Fig. 3) In Aedo et al. (2003) , Geranium holosericeum was distinguished primarily by the vegetative stems, which produce distinctive buds towards the apex. These buds are sometimes quite long, composed of stipules (usually without petiole remains), and bear a rosette of leaves and an inflorescence. This structure could be the growth of each vegetative period, and is also found in some species of sect. Neoandina Aedo (Aedo et al., 2002) . Aedo et al. (2003) also reported some specimens from northern Colombia and Venezuela that deviated from the usual morphology. Now we have studied more collections and found some important features, which permit a new taxonomy for this complex group.
In addition to its vegetative stems, Geranium holosericeum is characterized by its dichotomously branched, lax inflorescence. This inflorescence has well-differentiated, 2-flowered, loose cymules even towards the top of branches. It also can be distinguished from G. lindenianum by its sepals with a shorter mucro. Although with some overlap, additional useful characters are found in the sepals, petals, petal hairs, and fruit length (shorter in G. holosericeum than G. lindenianum). According to some field observations the species differ in general appearance. Geranium holosericeum is a decumbent, weak plant that usually climbs on the surrounding vegetation, while G. lindenianum develops a uniquely erect and robust stem. Unfortunately, these features are difficult to appreciate in the fragments included in herbarium specimens. Geranium lindenianum and G. holosericeum share two features that are never found in G. schultzei: 1) vegetative stems, covered with imbricate stipules, usually without petiole remains, and 2) lanceolate stipules with a remarkable setaceous apex. Both species come in contact in the paramos dividing departments of Santander and Norte de Santander. Southward only G. holosericeum has been found. Northward, G. lindenianum is found both in Venezuelan paramos and in the Sierra de Perijá. KW, n.v., seen as photocopy; isotypes: K, LE, MPU). (Fig. 4) Perennial herbs, 32-63 cm tall. Rootstock 7.2-7.6 mm diam., ± horizontal. Stem (1.7-)3.1-6.2 mm diam., erect, with vegetative stems 6-22 cm long (± horizontal, covered with imbricate stipules, usually without petiole remains), leafy, herbaceous, sometimes subligneous, with patent, eglandular hairs 0.5-2.3 mm long and usually patent, glandular hairs 0.1-1.2 mm long. Basal leaves in a ± persistent rosette; lamina 4.3-10.4×4.4-12 cm, polygonal in outline, cordate, palmatifid (ratio main-sinus length/ middle-segment length = 0.80-0.90), pilose, with ± erect, eglandular hairs and sometimes glandular ones, the nervation not projected; segments 5, rhombic (ratio maximum width/ middle-segment length = 0.60-0.73), 5-12.2 mm wide at the base, 8-17-lobed in distal half (ratio second-sinus length/middle-segment length = 0.18-0.34); cauline leaves opposite; petioles to 15 cm long, with patent to retrorse, eglandular hairs 0.4-2.6 mm long, and usually patent, glandular hairs 0.2-0.6 mm long; stipules 9-25×1.8-5.6 mm, lanceolate (with a setaceous apex 1.9-7.7 mm long), glabrous or with eglandular and sometimes glandular hairs on abaxial surface, ciliate on the margin, almost glabrous adaxially. Inflorescence in a dichasial cyme; cymules 2-flowered, solitary or in aggregates at the top of each branch; peduncles 1.4-8.52 cm long, with patent, eglandular hairs 0.2-2.1 mm long, and patent, glandular hairs 0.3-1.6 mm long; bracteoles 6.9-14.5×0.8-2.2 mm, lanceolate, with eglandular and sometimes glandular hairs on both sides and on the margin; pedicels 15-85 mm long, with patent, eglandular hairs 0.3-1.8 mm long, and patent, glandular hairs 0.4-1.6 mm long. Sepals (6.4-)8-12.4×3.7-5.3 mm, not accrescent, 3-5-nerved, with mucro (1.2-)1.7-2.2 mm long, with scarious margins 0.2-0.5 mm wide, with ± patent, eglandular hairs 0.4-1.9 mm long and patent, glandular hairs 0.2-1.1 mm long on abaxial side, ± hairy adaxially. Petals patent, entire, hairy on both sides (mainly on the base of adaxial side), ciliate on the margin, purplish. Staminal filaments 0.57-1.13 cm long, lanceolate, pilose on the abaxial side, ciliate on the proximal half, with eglandular hairs 0.5-1.3 mm long; anthers 1.6-2.8×0.8-1.2 mm. Nectaries 5, hemispheric, glabrous. Gynoecium 0.52-1.25 cm long. Fruit 2.43-3.58 cm long; mericarps 3.4-4.6×1.7-2.4 mm, with patent, eglandular hairs 0.8-1.3 mm long and usually ± patent, glandular hairs 0.6-0.9 mm long, brownish; rostrum 1.6-2.36 cm long, with a narrowed apex (1.7-)2.2-6.6 mm long, with patent, eglandular hairs 0.2-1.2 mm long, and patent, glandular hairs 0.4-1.1 mm long; stigmatic remains 2.7-5 mm long, with 5 glabrous lobes. Seeds 2.4-3.1×1.4-1.9 mm, finely reticulate, reddish.
Geranium lindenianum
Distribution and habitat.-Colombia: César, La Guajira and Santander; Venezuela: Táchira (Fig. 3) . Wet paramo, among shrubs, between rocks, or on margin of the roads, 2700-3500 m. Flowering February to November.
The specimen Forero 634 (COL, NY) is a fragment without basal parts and has more deeply divided leaves and hairy stipules, but otherwise matches Geranium schultzei. The type material in Berlin was lost through fire and no duplicate has been identified. Fortunately there is a collection in US from Sierra Nevada de Santa Marta, labeled by R. Knuth as "G. Schultzei", and this has been selected as neotype.
Geranium schultzei was included in G. holosericeum by Aedo et al. (2003) and only one collection was examined (Hanbury-Tracy 441, K). Now that more collections of G. schultzei are available, this can be recognized as a taxon endemic to Sierra de Santa Marta. It was described by Knuth as being similar to G. sylvaticum L. in appearance, but up to 1.5 m in height. Herbarium specimens of G. schultzei are very robust, showing a strong rootstock from which arises a single, erect, thick aerial stem. This stem can reach 7.6 mm in diameter and ca. 1 m high (according to the labels), but it is herbaceous. Geranium schulztei is usually dichotomously branched and bears a large inflorescence with 2-flowered cymules on the first nodes and an aggregate of cymules (pseudoumbels) towards the apex of branches. This species also has stipules that are usually long, glabrous on both surfaces, and remarkably dark reddish. The petals are also noticeably long. Glandular indumentum covers most of the plant but is abundant only in the inflorescence. Leaf indumentum is made up of spreading, usually eglandular hairs, longer than those in G. lignosum R. Knuth. Geranium schultzei has an inflorescence similar to that of G. lindenianum; however it lacks vegetative stems, and its stipules are lanceolate, not ending in a setaceous apex.
